* . 'S ., N
KIS IR I AR L T R RPN TAT] RV I
; i Wras 1 4 } ndinlad 4 ,

IR .‘i ) 1
R N

-t o e P - - - 3 - - .
T I e e 2 e e B e e B o2 N N N,

PR ‘ " P 5/"/; y
(3 LEVEL .~

TECHNICAL REPORT ARLCD-TR-77052

ANALYSIS OF IMPURITIES IN COMPOSITION B
BY THIN LAYER CHROMATOGRAPH1Y

T. H. CHER
. GILFORD

APRIL 1978

% US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND

' ARGE CALIBER
WEAPON SYSTEMS LABORATORY
DOVER. NEW JERSEY

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLITED.

D DG
MEEPIIE

\ﬁj, JUL 17 1978
NG
B

e



. - - . - - o~
B . ) e . N ;s * 3 R TR - . R o

P A PR T s -,:\A, Mo P o P L I R e N o e LS, s S S N e i

s S T vy e R R T P e ST R e B e G SRS A S A 0 e e B

The findings in this report are not io be construed
as an official Department of the Army posiiion.
DISPOSITION

Destroy this repori when no longer needed. Do not .
o

return to the originator.

The <nation in this report of th2 names of commercia! .

{irms or commercially available products or services

does not constitute official endorsement or approval

of such commercial firms, products, or services by

ihe US Government.
b
4




PR ;- g
flhiusustiod g

LA )

o o
Josy

AL

55

f38

HElladn L

e
N RTIAIE A

ke

AT
Al gy

Ang e R

ATTN: DRDAR-LCE Unclassified
Dover, NJ 07801 T5a DECL ASSITICATION DOWNGRADING T

15. DISTRIBUTION STATEMENT (of Sls Repwr?) 7
Approved for public release. distribution unlimited.

17. MSTRIBUTION STATEMENT (af the aderact enteves in Slaca 39, {f QAfleren? Srom Kegrarr)

18, SUPPLEMINTARY NOTES

19. XEY WORDS (Canstin on oo slde If ns y and ISentlly dy Jlock sxmdee) RAP

Composition B Analysis XA650

TNT Identification Malfunction

RDX Thin layer chromatography M116E2-XA1201 Cannon
Impurities Ethylenediamine m-nitrotoluene . :?gp

‘—macu—&--mnxmumwm—uq ) -
A thin layer chromatographic procedure was developed to identify{g~TNT
associaled impurities in Composition 8. The method involved reducing RDX and
TNT levels in the solu’ ‘lized Composition B sample before two-dimensional

chromatographic deveioping. Impurities were identified after applying ethylene-
diamine reagent. Color development, fluorescence quenching. and{Rgvalues

were comparad to those established for a variety of impurities known to P R sde <

DD ,';:.-,, I3 EOMOom OF ' WOV 63 15 CBNOLETE UNCLASSIFIED
H SECUMTY CLAISHFICATION OF TNIS PASE (When Dets Eant e
L -~ :
e B ) 4/ - / o f'/“/

v —

e T W T T e
i :.3;:”% T it T W e g ST e et E R - .

LUNCI ASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Whes Date Entersd)
REPORT DOCUMENTATION PAGE BER e T b s

1. REPORY NUMBER 7,/

> 2. GOVT ACCESSION NOJ 3. REGPIENT'S CATALDC NUMBER

Tchnical Repdr{/ARLCD-TR=77052

& TITLE (and Sobkitte)

% TYPE OF REPORT & PERIOD COVERED

% 3 o
&, ANALYSIS OF JMPURITIES IN COMPOSITION B 6 ligchr :pl 1€ ,'JT.J“
i S FORTORGw

e

| BY THIN LAYER CHROMATOGRAPHY., /

S Taoa
~ T H.lCh /;\lnr)—'—ﬁ
/ i M./Gilfor:n \l_ﬂ DLt 14

3. PERFOMRMING ORGAKIZATION NAME AND ADORESS
Feliman Research Laboratory

Picatinny Arsenal
Dover, NJ 07801

1. CONTROLLING OFFICE MAME AND ADDRESS /"’R R
( 4

. [C ¥ 13

8. CONTRACY OR GRANT NumSTR{e)

AD-EYET 147

1 PROGRAM ELEMENT, PROIECT, TASK
AREA & WORK UNIT RUMSERS

*

b=

. REPORI DALE—
ARRADCOM, STINFO Apriil®7s ;
€S

ATTN: DRDAR-TSS 5
Dover. NI 07801 jt 19£-

4. MONITORING AGENCY NAME & ADDRESKI! cifferent from Controlitng Ol coY—4-di. SEINMINY CLASS. (of Oe repers)

ARRADCOM, LCWSL

el




1
nfv qer e et ¥ RIS o

UNCLASSIFIED
SECUMTY CLASSIFICATION OF Ti!S PAGE(Then Dats Entered)

\:ijo. ABSTRACT (Continued) [fyp'f P

present in Military Grade{a;TNT. Six fragments from a Composition B warhead
(which did not premature dut was taken from the same lot as those suspected of
pramature funciioning) and a control sample of Composition B obtained from the
Holston Army Ammunition Plant were analyzed and cempared. The analyses re-

vealed the presence of m-nitrotoluene impurity in only the fragment samples
suspected of premature initiation.

S .

UNCLASSIFIED

SECUMTY CLASRFICATION OF TS PACE(Then Date Enlered)

s = SR TR TR e
T R T T L T e

R e M et % - °% -~

ES BN .




T R e e

¥

LSRN B el “"m’:"-""’"mﬂmmﬂ‘m~..1"}mmv,m:mur

E TABLE OF CONTENTS
Ny Introduction
Experimental

‘ Apparatus and Reagents

& Procedure

Results and Discussion

“ Conclusions

; Recommendations

; References

— Distributien List

\-, ‘ Tables

' 1 R_values and colors developed by ethylenediamine
reagent of standard substances

' 2 R, values and colors developed by ethylenediamine
1 reagent of components in Composition B

¢ Figures

1  Two dimensional separation of components in the
§: concentrated mother liquor of a suspected

Composition B sample
2 Differential visible absorption spectrum of

Composition B samples (suspected - controlled)
in ethanol

Page No.

13

10

H *




T R g .} cem e o o e s D R L - T . i bR ";‘ o4 2 Fars e FA L
G s A I St s e Ay W oy R GEN B L O B30T e U L e Y Pl B SRR AR L oy
TR T - = 2 L B . N .

————————

R e At Ly PEUL By S20t s o 8 ll

INTRODUCTION

} An investigation was conducted to determine causes of malfunctions

% 3 R which took place during the test firing of a particular group of XM656 RAP

rounds {ref. 1}. The warheads initiated prematurely, one possible cause

P - of which could be the presence of impurities in the Composition B warhead

charges. The time available for identifying such impurities and determining 4
their leveis of concentration was limited to approximately five weeks. One ;
approach vas to analyze suspect samples of Composition B using thin layer
chromatography (TLC) procedures and to confine the analysis to a-TNT as-
sociated impurities. \Work has appeared (ref. 2, 3, and 4} in which TLC pro-
cedures were used to identify impurities in production samples of a-TNT. In
S the work reported here, RDX is a main constituent of he samples to be ana-

53 A lvzed since the nominal formulation of Composition B is 60 parts RDX, 40 parts
e a-TNT and 1 part wax. The presence of RDX and a-TNT at such high levels
interfered with the separation and visualization of the compounds to be iden-
AR tified. A method wes developed te remove RDX and a-TNT. An important
aspect of this method involved dissolving RDX and a-TNT in acetone and

then displacing acetone with ethanol. This resulted in an alcoholic solution

of impurities with RDX and a-TNT levels greatly reduced.
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Six samples of Composition B from fragments of a suspect warhead
. charge were received for analysis. A control sample of Composition B,
from a lot \nanufactured at the Holston Army Ammunition Plant, was used
for compearison.

EXPERIMENTAL

Apparatus and Reagents -

Baker-Flex silica gel 1B-F (with fluorescence . ator) flexible
sheets {20 x 20 cm; J. T. Baker Chemical Co.) were activaied at 115 * 3°C
for at least 6 hours and kept ir: ant oven at this temperature until needed.

Standard substances for identification purposes were oractical grade.
Other reagents and soivents were reagent grade except in later experiments
where industrial grade absolute ethyl alcohol was used
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The spray reagent was a 10 Ai ethylenediamine solution in dimethyl-
suifoxide, 65:35 by volume {ref. 5). A 108 ul Hamilion syringe was used

to deliver 15 pl aliquots of preconcentrated solution of impurities to the TLC
sheets.

A Perkin-Elmer 202 Ultraviolet-Visible Spectrophotometer was used
to re<ord visible spectra of the extracied impurities in absolute ethyl alcoho!.

g g Procedure
: Preconcentration of Impurities and RDX Removal
E g A sample of Composition B {5 to 7 gram piece) was crushed re-

motely into small granular pieces. A 300 mg portion of the samplie was

; ] weighed into a2 2 mi test tube and approximately 1.3 ml of acetone were

= added. The mixture was placed in a dibutyiphthalate bath and the bath

< k- temperature was raised slowly to 60°C to prevent excessive loss of solvent.

A ke The ssmple was mixed frequently to completely dissolve ii. Alore acetone

& was added as needed. The solution: was then evaporated to apparent dry-

= 3 ness. Curing the evaperation, the solid RDX which had accumulated on

3 the inner wall of the test tube was scraped to the bottom of the test tube with ’
= a stirring rod to m:nimize the entrapment of impurities ir. the solid mass.

3 The mixture weas centrifuged for 3 to 4 minutes to separate the mother liquor
{about 0.1 ml) from RKDX. The mother liguar was decanted to 2 serond 2-ml
e ¢ test tube. About €.3 mi absolute 2thanol was edded drop-by-drop to the

5 first test tube to wet the RDX and the combinaticn was mixed thoroughly.
: This soiution was centrituged and decnted into the second test tube. Three
3 2 alcohol washings were conducted. The combinzd solution of impurities
LA (about 1 ml) was heated slowly to 78°C to prevent bumping and again eva-
|5 2 porated to apparent dryress. The mixture was cenirifuged and the concen-
" 3 trated 2icohol solution (about 0.1 ml) was used to spot the TLC sheetl.

E % Preparation of iImpurity Sclution for Recording Visible Spectrum

3 After sampling for spotting the TLC sheet, the cencent: 3ted
supernatant alcohol selution was used to record the visible spectrum. About
i “ 1 ml ethanol was added to the remaining supernatant solution and the com-
; , 3 bination was thoroughly mixed. The mixture was centrifuged and the super-
‘ - natant solution carefully withdrawn with a dropping pipette and transferred

3 : § to a 10 ml volumetric flask. The washing was repeated twice. To prevent
' scattering in the spectrophotometric recording. care was exercised to as-
sure that no solid material was transferred. Additional alcohol was added

5 as needed and the solution was then used to record the absorption spectrum
. in the visible region in a 1 cm silica cell.
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Separation Procedure

A 15 pi aliquot of the precorcentrated alcohol solution of impuri-
ties was placed at a spot on the lower left corner of the TLC sheet 3.3 cm
from each edge. Care was taken to avoid sampling of solid residue into the
syringe. The syringe was clamped on a stand and the needle tip adjusted
to 1.5 mm above the TLC sheet for reproducing spotting without unneces-
sarily broadening the spot.

After the alcohol evaporated, the sheet was placed in the first
chromatographic tank {2%.2 cm H x 27.3 cm L x 7.4 cm W) which contained
100 m! benzene-cyclohexane-ethylacetate (50: 35:5 by volume). To get a
solvent vapor-saturated atmosphere, the solvent mixture was used to com-
pletely wet two solvent saturation pads.? each of which had been positioned
against a narrow side of the tank. The pads were cut to the approximate
dimensions of the tank sides. The tank atmosphere equilibrated for at
least cne hour. The sample was chromatographed for 55 * 5 minutes at
23 * §°C by the ascending technique and the solvent front was allowed to
travel to approximately & mm from the upper edge of the sheet. The shect
was r¢anved from the tank and exposed to the atmosphere for about 15
minutes. The sheet was turned 90° to the direction of the previous develop-
ment and chromatographed again in a tank (22.6 :mHx22.0cm L x 6.3 cm
W) containing an equilibrated benzena-cyclohexane (75: 25 by volume) at-
mosphere. The sheet was removed when the sample had traveled to approx-
imately & mm from the upper edge of the sheet (50 t 5 minutes).

The separated impurities were located by spraying the TLC sheet
with ethylenedialaine reagent and viewing it under short wavelength ultra-
violet illumination. Fluorescence quenching revealed cotorless or faintly
colored spots. The colored spots faded with time, especially in the pres-
ence >f light so the developed colors were noted within 15 minutes of spray-
ing. The rates of color development and fading varied considerably among
the impurities.

1Gelman Instrument Company. Catalog Number 51334.
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RESULTS AND DISCUSSION

The preliminary experiments, using preconcentrated acetone solution
of impurities in Composition B samples, established that RDX in the saturated
acetone solution, 7.3 g RDX/100 g acetone at 20°C (ref. 6). caused extensive
streaking and interfered with the separation and identification of various
components. This problem was solved by displacing acetone with absolute
ethanol, which reduced the RDX solubility by seventy fold, 0.105 g RDX/

100 g ethanol at 20°C (ref. 6). This procedure removed 99.9 and 99 percent
of the RDX and a-TNT, respectively, from the 380 mg sample of Composition
B. The 1 percent wax in the Composition B did not interfere with the sepa-
ration of the various components.

All six samples of suspected Composition B (SCB} and that of con-
trolled Composition B {CCB) were analyzed by two-dimensional TLC 0
separate and tentatively identify the impurities. The CCB and SCB samples
were separated into twelve and thirteen components respectively, the only
difference being the presence in the SCB of a relatively nen-polar compo-
nent identified as m-nitrotoluene.

A typical chromatogram of the SCB samples is shovn in fiqure 1. It
should be emphasized that the identifications of the various components
were based on the comparison of Rf values, colors developed by ethylene-
diamine reageni, and fluorescence quenching of standard substances
(table 1) and unknowns (table 2). No further identifications were made.
The identities of ten of the thirteen components in Composition B are listed
in the last column of table 2.

The relative amounts of impurities in SCB and CCB samples could not
be determined from the TLC results. However, as shown in figure 2, the
SCB samples contained mo: e colored impurities than samples of CCB. The
concentrated alcohol solution of impurities absorbs intensely below 370 nm
but absorbs weakiy above 300 nm. The major difference between SCB and

CCB sampies is the slightly greater absorption of the STB in the 400-510 nm
region.

The TLC rasults pertain primarily to a-TNT impurities since the sol-
vent systams used for chrematographic developments were originally in-
tended for a-TNT analysis (ref. 8). AMoreover, the limited time available
for the present work did not permit further refinements of the procedures
used or the development of procedures for analyzing RDX impurities in
Composition B.
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CONCLUSIONS

An analytical method employing thin layer chromatography was devel-
oped to identify impurities associated with a-TNT in Composition B. It was
essential that the RDX and a-TNT levels in the solution to be applied to the
TLC plate be reduced using ethanol to displace the acetone initially used to
dissolve the Composition B sample. 99.9 percent of the RDX and 99 percent
of the a-TNT originally present in the Composition B sample were removed,
leaving 2-TNT associated impurities in the mother liguor. The procedure
Involved a two- dimensional developmant of mother liquor spotted on fluores-
cent silica gel plates. Impurities were identified after the plates were
sprayed with 10 M ethylenedlamine in dimethylsulfoxide. Color deveiop-
mont, fluorescence quenching. and Rf values were compared to astablished
values for twenty-one compounds known present in a-TNT as it is conven-
tionaily manufactured for military use. The analyses of Composition B
samples revealed the presence of m-nitrotoluene impurity in the suspected
samples but not in the controlled sample.

RECOMMENDATIONS

Additicnal work in this area would relate to developing procedures by
which RDX associated impurities could be identified, making it possible to
conduct a complete qualitative and possibly semi-quantitative analysis of
Composition B samples. Further werk is also indicated to identify a-TNT
associated impurities so that greater resolution of separation for the various
compounds could be effected. The entire effort would be extensive and
would involve choosing appropriate soivent systems and plate materials
for chromatograohic development and using the appropriate visuatization
agents to study the color forming reactions of aromatic nitramines.
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Rf values and colors developed by ethylenediamine
reagent of standard substances

Substance !

I-MNT
2-MNT
8-MNT
2.5-DNT
2.%,6-TNT
1.4-DN8
2,6-DNT
3,.5-DNT
2,3,6~TNB
2,8-DNT
2.3.5-TNT
2.3,6-TNT
2,8,5-TNT
1,3-DNB
3,8-DNT
2,3-DNT

Solvent: benzene-cyclohexane-ethy! acetate (50:435:5 by volume)
Concentration: 10 mg/ml or saturated solution in ethanoi
Sample size for TLC: 15 pl
Rel. Rf

B_f Ref. a-TNT Cotor
0.57-0.61 1.02-1.12 Faint Pink-Violet
0.55-0.60 1.03-1.10 Colorless
0.58~0.60 1.05-1.09 Fairt Orange-Pink
0.59 1.09 Yellow
0.53-0.56 1.00 Da: k Reddish Brown
0.5% 0.95-0.98 Orange-Yellow
0.50-0.53 0.93-0.98 Colorless
0.83-0.52 0.51-0.95 Coiorless
0.51 0 93 Reddish Brown
0.83-0.39 0.52-0.91 Pale Violet
0 33-0.38 0.31-0.86 Light Orange-Yellow
0.83-6.87 0.83-5.87 Orange
0.20-0.35 0.7%-0.83 Orange
0.35-0.87 0.52-0.8% Colorless
0.34-0.82 0.6%-0.77 Yellow
0.33-0.01 0.6%3-0.75 Yellow
0.30-0.37 0.55-0.85 Pink

Hexanitrobibenzyl

IMNT, DNT. and TNT designate mono-, di-, and trinitrotoluene,
respectively, DNB and TNB designate dinitro- and trinitro-
benzene, respectively.
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Table 1 (Continued)
Rel. Rf
No. Ef Ref. a-TNT
18 0.33-0.36 0.59-0.65
i9 0.30-0.32 0.57
20 0.23-0.27 0.42-0.47
21 0.21-0.24 0.39-0.43
22 0.065- 0.12-0.16
0.087
23 0.039- 0.071-0.10
0.055

Color
Orange-Ye!llow
Reddish Orange
Yeilow {slightly
orange)

Yellow

Brown

<olorless

Substance
1,2-DNB

2.4, 6-Trinitro-
benzaldehyde

3,4,5-TNT

2,3,4-TNT

2.4, 6-Trinitro-
ber:zcic acid

RDX

: )
T3
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g Table 2
~;j . g’ : Rf vatues and colors developed by ethylenediamine
R . E reagent of components in Composition 8
; Solvents: benzene-cyclohexane-ethyl acetate (50:45:5 by volume)
SO Sample size for TLC: 15 pl
Rel. R
=~ ) No. 5: Ref. a-TNT Color Identification
- 4 1 0.56-0.68 1.10-1.14 Violet 3-MNT
E 3 2 0.50-0.58 1.00 Dark Reddish Brown 2,4,6-TNT
T . 3 0.42-0.53 0.83-0.91 Faint Violet 2.4-DNT
. 4  0.33-0.50 0.53-0.89  Colorless 3.5-DNT
; S  0.38-0.47 0.76-0.82 Yellow (slightly 2.3.5-TNT alonc;
F. # orange) or 2,3,5-TNT
mixed with either
i . . 2.8,5-TNT or
R - 2,3,6-TNT or both!
: 5 6 0.30-0.38 0.57-0.69 Pink Hexanitrobibenzy!
7 0.28-6.36 0.53-0.61  Faint Tan 2.4, 6-Trinitro-
benzaldehyde
. 8 8  0.23-0.33 0.43-0.58 Purple Unidentified
3 9  0.16-0.22 0.31-0.40 Yellow 2,3.3-TNT
g 3 10 0.11-0.16 0.19-0.28 Tan Unidentified
3 ‘8 11 0.067- 9.12-0.19 Tan 2.4,6-Trinitro-
' . 0.1 benzoic acid
F 3 12 0.032- 0.058- Colorless ROX
o, 0.050 ¢.095
E 3 13 0.00 0.00 Light Brown Residue
‘ g unidentified
: ‘This identificaticn is uncertain. On the basis of the color developed,
“ 3 7 it appears to be 2,3,5-TNT or 2,3,5-TNT mixed with 2,3,6-TNT. On

the basis of relative R

f value, it appears to be 2.4, 5-TNT.




Ve
3

i o TTFos =
0.0 0.5 1.¢
T t 1 1 131 14§37 71777177
- -

« - @ ]
[¥2]
< 10 | q41v
(=]
(¥ o]
g k -
;‘—’ -
< = - =
- = Q
sy
<€ % - -
5 -
=
=g .
‘:) L
§  05¢ 40-3
S 3 L -
o o
-8
$ - -
[ &
]
R 7% )
= S8 -~
s
)
P - y

coL Jo.o
' 3+ 1 &t s 1 1 1.1 311

—————gp BENZENE-CYOLORL ..NE (75:25)
REL. Rf (REF.O(-TNT)
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Sample: 300 mg *C" Seg. DP. 15 pl ethanol solution for spotting
Location of Components: by the color developed with
10 M ethylenediamine solution in dimethylsulfoxide (all excem
% and 12) and by fluorescence quenching (% and 12)

Figure 1. Two dimensional separation of components

in the concentrated mother liquor of a
suspected Composition B sample
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